INTRODUCTION
This paper has been commissioned by the Royal Society of New Zealand and the Prime Minister's Chief Science Advisor in conjunction with the Ministry of Research, Science and Technology to encourage debate on how better to engage students with science, with a particular focus on the role of schools. It examines the assumption that there is a problem with engagement in science and reviews research on the dimensions, context and causes of a perceived or actual problem. The paper looks at what we are trying to achieve currently through school science education and whether there is an increasing mismatch between science education of today and the demands of the 21 st century.
The focus of this paper is the current provision of science education. Science and technology have some areas of commonality and overlap and for that reason, as well as the fact that much international literature discusses them together, the paper does at some points address both. However, this paper discusses technology only as it relates to science and the application of science ideas, it does not attempt or claim to do justice to the many other dimensions of technology such as the purposeful invention and design of products of the future.
Section 2 looks at the history of science education, discusses how subjects came to be included in the school curriculum and looks at why science was included among them. It explores some of the purposes of school science programmes, in particular, those that have informed the development of New Zealand's school science curriculum. It argues that the actual curriculum delivered in schools tends to be a rather muddled mixture of purposes and, because of this, it doesn't meet any of them particularly well.
Section 3 reviews New Zealand and international evidence on what students think about science and how well they achieve in it, including how well they perform compared with young people in countries similar to ours. Section 4 addresses what has changed in society, in science, and in schooling and why it is that the goals, content and teaching approaches that evolved to meet the needs of a different kind of society may no longer serve the needs and interests of today's young people. Furthermore, it questions whether science teaching approaches actually fit well with the practices of science or with what we now know about learning.
Finally, the paper explores possible ways forward. It does this by presenting a scenario of how school science could be developed and draws on some examples of international current practice that illustrate aspects of the scenario. It suggests that an important first step in engaging more young people in science could be to convene a forum of scientists, educationalists and policy makers to debate the future of science education in New Zealand.
The paper is designed for scientists, educators and policy makers, in fact for anyone who is thinking about how we best educate our students to participate fully and successfully in a world where an understanding of science and technology has become increasingly necessary. It is not a comprehensive review of New Zealand's students' achievements in science, nor is it a critique of our National Curriculum. Its primary intent is to take a strategic look at how science education can best meet the needs of our emerging adults and our country.
A BRIEF HISTORY OF SCIENCE EDUCATION
Some studies indicate that many New Zealanders' levels of understanding of and interest in science are not as high as they could be and the number of young people choosing to study science at school once it is no longer compulsory is steadily decreasing. This is a problem for at least two reasons. First, if we are to be able to replace, and even increase, our existing pool of science and technology professionals we need to ensure that we have enough people emerging from the school system with the aptitude for and interest in these jobs. Second, in order to have a healthy democracy we need a population that is able to participate in an informed way in discussions of science-related issues.
New Zealand is not alone in these issues, with similar concerns being expressed in many other countries. As the review of evidence will show, it appears that although some New Zealand students are achieving very well in science there are also large numbers who are not. It also seems that many New Zealand students have formed negative attitudes towards science by the middle years of schooling, a trend that increases through the secondary school years.
Why are students not more positive about science? Is it something to do with school science education? Is it something to do with the way science is represented in the popular media? Or, is it something to do with science itself? This section of the paper addresses the first of these, why and how it is that school science education has contributed to the problem of engaging young people in science. To understand why this is we need to look at how and why science came to be a school subject and what its function should be today, ten years into the 21 st century.
Evolution of the curriculum
Why is science part of the compulsory school curriculum? Why, for that matter, are other subjects such as English, mathematics, history, geography, other languages, the arts and physical education included in the school curriculum? The common-sense answer to this question could be that studying these subjects provides young people with knowledge that will be useful to them when they leave school; and, that these subjects give them basic literacy and numeracy skills as well as some understanding of themselves and the world around them. Another answer might be that knowing about these things is part of becoming an educated person, part of the induction into the society in which we live and provides a framework that young people can use to think for themselves.
What then does learning science contribute to these things? Much of the science taught in schools is not especially useful in everyday life, and many students do not achieve sufficient understanding of it to be able to contribute to scientific debates. The reason why science, along with some subject areas, but not others, came to be included in school curricula requires a brief look at the history of the development of the school curriculum, a story, which goes back thousands of years.
The first important idea in this story is that the primary purpose of the school curriculum has been to develop the intellectual capacities of students and that the content of the school curriculum is chosen for its ability to do this. A second necessary understanding is that the content, or subjects, included in the school curriculum are not the same as the sophisticated disciplinary knowledge (of science, literature, history and so on) from which they are derived. Rather, what appears in the curriculum is knowledge transformed or converted into subjects designed to educate young people for tacit or explicit social, political or economic ends. In other words, curriculum development is a process of selecting and translating knowledge into subjects which can be delivered to students to fulfil society's educational purposes.
Those educational purposes are informed by prevailing ideas of the purpose of schooling and of the proper relationship between schooling and society. Subject matter knowledge is framed to meet educational goals rather than being taken directly from the discipline from which it is drawn. It is packaged and presented to students in ways that take account of learning theory as well as students' ages, interests and abilities. So it is that the purpose of a school curriculum subject is different from its purpose in its original disciplinary context. What this means is that school science or history or maths are different in kind from science, history or maths as practised by professionals, and not just because they have a lower level of complexity or sophistication.
Science began to be part of the curriculum in some schools in the 19 th century. Right from the start it was supposed to achieve a range of goals -the intellectual goal of developing students' thinking and reasoning skills, the personal and practical goal of developing students' understanding of how things work (including nature), and the futuristic goal of building students' capacity for innovation and creativity. In the 19 th century these goals had very different intellectual antecedents: the 'thinking and reasoning' goal, for example, came from Huxley and Spencer's advocacy of science study as a way to build 'mental discipline', truth-seeking, and intellectual autonomy (in opposition to what they saw as the authoritarianism of the traditional emphasis on the Latin and Greek classics). The 'practical' goal on the other hand originated in the work of the radical pedagogical theorists of the 19 th century. J.F. Herbart, for example, advocated practical science lessons that would 'fit pupils for life' by giving them 'direct experience of the natural world', in 'real-world, authentic' (i.e. not abstract) contexts.
These goals are the intellectual 'spine' of school science education: however, the way they are perceived, and the extent to which they are realised, is strongly influenced by the ever-changing socio-political context in which public education is developed and delivered. Public education must contribute to national goals and priorities while also offering equal opportunity to all: however, it plays out in a context of deeply entrenched beliefs about what -and who -schools are for. In the New Zealand context, our conflicted relationship with egalitarianism has had some interesting consequences for our national school curriculum in general, and for science in particular. New Zealand's public education system was set up in the late 19 th century. The 1877 Education Act made provision for a nation-wide, secular system of compulsory, free primary schooling for everyone (between the ages of 7 and 14). Before this, schooling had been provided by the six Provinces and/or the churches, but its quality was uneven. The 1877 Education Bill was argued for by the parliamentarians of the time on the grounds that universal public education would give everyone a fair chance to succeed (thereby improving social cohesion) on the one hand, and that it would improve economic productivity (by developing both the work ethic and the kinds of skills needed in the economy at that time) on the other. The New Zealand system reproduced the English distinction between primary education (as providing the basics of reading, writing and arithmetic to all) and secondary education (as a preparation -and gatekeeper -for university and the professions). This produced the "bread for all, jam for the deserving" model (that we still have), as well as certain curriculum contradictions (that we also still have).
In the early twentieth century secondary education was not thought to be necessary for most people, and, because until 1914, state secondary schools charged fees, only children from the few families who could afford these fees went to secondary school. However, during the 1920s, uptake increased rapidly (from fewer than ten percent of the population in 1900 to about forty percent in the 1920s). This caused problems because the traditional academic curriculum offered at the secondary schools of the time was not designed to meet the needs of this new population of students. The response to this was to institute a parallel system of technical high schools offering a more 'practical' and 'relevant' curriculum. These schools were not a success: they were resisted because they were perceived as preparing students for working class jobs, and so were considered to have lower status. They were eventually phased out. However, their presence allowed the earlierestablished schools to continue offering the traditional academic curriculum, scorning 'practical knowledge', and to position themselves, as one headmaster of the time put it, as "service[ing] the professional, official or business classes". The schools also added weight to the perception of abstract, academic science education as being higher in value than the more practical or 'everydayoriented' forms of science education.
The unpopularity of the technical high schools forced the government to try a different tack, one which led, in 1944, to the publication of a document known as the Thomas Report. This report set out a new direction for secondary education in New Zealand, one that was to remain in place for the next fifty years. The School Certificate and University Entrance examinations were set up, and a new curriculum, designed to provide "a broad and balanced education for all", was introduced. This new curriculum combined material from the traditional academic subjects with material drawn from the practical subjects to produce a "common core" curriculum for all students, whatever their ability, interests, background, or likely employment destination. 'General science' was invented at this time. The aim of this new subject was to provide a basic course in practical science for everyone, while at the same time also laying the foundations for later specialisation and ongoing science study. However, this goal was never fully realised. Schools resisted the intent of the Thomas Report by 'streaming' students into different classes based on their 'ability' (as measured by IQ tests administered on entry to secondary school), and giving these different classes different versions of the core curriculum. The effect of this was to preserve the academic/practical split, and, to some extent, the segregation of pupils by social class.
As well as all this, school science curriculum development is underpinned by another important split, one that, while it may appear to be an esoteric concern of educationists, is important for considering the question of how to engage more young people in science. For the last sixty years or so, the emphasis of the official school science curriculum has oscillated between two different approaches to teaching (with a periodicity of roughly twenty years): 'knowledge-centred' teaching approaches, in which the primary focus is to replicate the structures of the discipline, and 'learner centred' approaches, which are oriented around the learner's needs. However, whatever the official focus might have been, learner-centred approaches have predominated in primary classrooms, and knowledge-centred approaches have prevailed in secondary school classrooms, often for reasons that have little to do with students' needs. In primary classroom, from the 1940s on, 'discovery methods', which involve encouraging students to explore their immediate world, have been the norm. Nature study was the focus, and children's understanding and interest was to be built through a variety of experiences, rather than by learning facts. In secondary schools the emphasis shifts to knowledge, and disciplining students into the discipline. Whenever curriculum reformers have attempted to make secondary school science more 'inclusive', 'relevant' or learner-centred, there has been strong resistance -from scientists and many science teachers, for whom science is a body of objective facts that cannot be diluted -or 'dumbed down' -by teaching approaches designed to meet the needs of learners. This commitment to the 'base discipline' is much more a feature of science education than is the case in other curriculum areas. In addition, secondary school science teaching, despite the recent reforms of the national student assessment system, is still constrained by the requirements of high-stakes assessment at senior level, with the result that it in general continues to be oriented more towards teaching knowledge (content, facts, and principles) than towards meeting the individual learning needs of students (whatever these may be).
1 Recent research in this area, in particular, research on students' perceptions of their school science classes, 1 For research evidence that this is still the case, see p.12-13 of the notes to this section. points to this as one possible reason for secondary school science education's limited success in engaging a diverse range of today's young people in studying science for its own sake.
Since the 1990s New Zealand has officially had a 'seamless' curriculum: that is, the national curriculum sets out what all students should learn from Years 1-13 with no differentiation (or 'seams') between primary and secondary. Primary-age students are now required to develop an understanding of science content and science processes in the same discipline areas as secondary students -just at a lower level. The effect of this is to import the knowledge-centeredness of secondary science into the primary school (rather than, as might be more productive in terms of engaging students, importing the learner-centeredness of the primary school into the secondary school). This new emphasis is also likely to be challenging for the many primary teachers who have very little background in science. Coupled with the recent increased emphasis on developing numeracy and literacy in the early years (and the introduction of national standards for assessing children's progress in these), the result is likely to be that science will have a very low profile in today's primary schools.
The next section moves away from the New Zealand context to look in more detail at the range of very different purposes school science programmes are asked to achieve.
Purposes of science education
Science education academics identify four broad purposes for school science education. These are:
1.
Preparing students for a career in science. (Pre-professional training) i.
Pre-professional training
Science education to introduce students to and equip them for what are sometimes called 'STEM' careers -jobs in science, technology, engineering and maths -has been an important, although not always explicit, purpose behind science curricula and science teaching. The rationale is that studying science will increase students' awareness of STEM careers and stimulate their interest in them, and that the science knowledge they gain will give them a necessary foundation for the advanced study needed to qualify for such careers. From this perspective, science education at school is, in effect, a pre-professional course of study where associated assessments function as a gate-keeper reserving entry to the STEM professions for the most successful students. Widespread concern in New Zealand and other western countries that we are not producing enough scientists for our current and future needs has kept this purpose at the forefront of science education.
A science education designed to prepare students for STEM careers emphasises the basic components of accepted scientific knowledge. The curriculum is effectively a catalogue of important -often highly abstract -scientific ideas or processes (forces and energy for example). These ideas are often learned and assessed in isolation from contexts which could increase their relevance or their coherence as explanatory stories. Another problem is that a strong focus on science subjects at school is likely to preclude the study of other knowledge areas needed to work effectively as a scientist, and the science knowledge required in most scientific careers is highly specialised and context specific. Furthermore, when preparing students for STEM careers is a central purpose of school science education, and responsible for determining its approach and curriculum, there is a problem in that only a minority of students actually go on to such careers, leaving open the question of school science's value to the rest. Many young people finish their science education at school with a sense that science is hard, irrelevant to everyday life, and best left to the high achievers. They are also likely to see science as a body of recognised knowledge that has no new questions -and no place for them.
Thus organising school science as a preparation for science careers is flawed in a number of ways. It does not provide a balanced, or even particularly effective, education for the minority who do go on to pursue STEM careers; it results in the majority of students seeing themselves as science failures, and science itself as the boring, esoteric preoccupation of a few; and, it seems to engage only a few in wanting to know more science simply for its own sake.
ii. The utilitarian purpose
Providing people with practical knowledge of how things work -the natural world, everyday devices and machines, and their own bodies -has long been a key purpose of school science education. Teaching for this purpose involves a focus on basic science concepts and principles as they apply in the everyday world of things we need and care about, for example how our bodies and those of other animals work, what electricity is and how to use it safely. Science taught for this purpose is likely to emphasise hands-on, practical activities and skills such as wiring a three-pin plug, keeping a record of everything students eat for a week, or looking after laboratory animals and plants.
This approach is designed not to prepare people for science-related careers but to give them everyday life skills and information that will allow them to make better choices. While wellintentioned, it also has a number of flaws. Firstly, research doesn't support the idea that knowledge alone about such things as the effects of cigarettes, alcohol, high speed collisions, good nutrition or physical exercise produces changes in behaviour, and secondly, most everyday appliances and other machines (including cars) are now constructed using electronic control technology that makes them difficult if not impossible for amateurs to fix.
iii. The democratic/citizenship purpose
Questions about the causes and effects of climate change, the potential and ethics of genetic modification, and the safety and sustainability of sources of energy become more pressing all the time as the long-term future of life on earth is no longer taken for granted. People need to be aware of the issues, have some ability to critically evaluate information and be equipped to participate in debates and influence policy on these and other important matters.
Some describe this as essentially a 'democratic' argument in that we are in a time where the increasing complexity of technology puts effective control of these critical issues into the hands of a smaller and smaller group of experts. A scientifically literate population is essential to sustain a healthy democracy, for only if the non-expert population has at least some understanding of the underlying science can the issues be aired in public and discussed in relation to wider, non-scientific concerns.
Teaching for scientific literacy would focus on the nature of scientific knowledge including what makes science 'scientific', how science knowledge develops and how scientists think and work. Critical and ethical thinking, skills in constructing scientific argument and problem-solving would all be emphasised, and because students would do this through in-depth exploration of particular issues, they would also learn some key science concepts.
There have been a number of attempts over recent decades to introduce aspects of this approach but as yet there has not been widespread uptake by teachers, possibly because it requires them to have a different core knowledge base and new skills.
iv. The cultural/intellectual purpose
This purpose of science education goes back to Plato's idea that education should involve being exposed to the best and greatest forms of knowledge one's culture has produced. This, Plato thought, allows the developing mind to be shaped by -or imprinted with -the cognitive processes of the great thinkers who produced that knowledge. Science was included in the traditional 'liberal' curriculum for its capacity to develop rationality; because it is derived from logical reasoning, the argument goes, it should develop logical reasoning in its students.
While scientific thinking is the goal, teaching for this purpose does not generally focus explicitly on developing thinking skills. Students are supposed to pick these up implicitly through exposure to the structures of scientific knowledge, and by emulating the thinking modelled by their teachers who, it is assumed, think like working scientists. However, most students do not acquire these skills in this way, although some do with support from out-of-school contexts. So, this purpose, while it is a foundation of the traditional academic curriculum, is rarely achieved in schools.
These four purposes are all very different. Each has different origins, and each requires a different kind of learning programme if it is to be met. However, school science curricula, now and in the past, have, at least in theory, been required to serve all of these purposes. This has resulted in programmes with rather muddled mixtures of purposes, and limited success in achieving them.
Current purposes
New Zealand's current official national curriculum document arguably continues this trend. This document "sets the direction for student learning" in all English medium state schools (including integrated schools). It is a framework for teaching rather than a detailed plan. The relative freedom it gives schools to plan their own curriculum means that it is very important for schools to be clear about what they are trying to achieve in their programmes.
The 'vision' of The New Zealand Curriculum is to produce "young people who will be confident, connected, actively involved, life long learners." (p.7). The document sets out a set of 'principles' that are intended to underpin all school decision-making, and a set of 'values' that are to be encouraged, modelled and explored. It also defines five 'key competencies' considered essential for effective participation in society, and eight 'learning areas' (subjects), of which science is one. Each 'learning area' of the curriculum is divided into levels. One 'level' typically covers about two years of learning.
The science 'learning area' is described as follows:
In science students explore how both the natural physical world and science itself work so that they can participate as critical, informed, and responsible citizens in a society in which science plays a significant role. (p.17, italics added). This 'learning area' is organized into five 'strands':-Living World (biology), Planet Earth and Beyond (astronomy and geology), Material World (chemistry), Physical World (physics) and Nature of Science. This last strand is the core strand and is compulsory for all students up to Year 10 (about age 14). The intention is that through this strand students learn what science is and how it works. The other strands are intended to serve as contexts for learning this. As they move through the ten years of the core curriculum from Year 1 (age five) to Year 10 (about age fifteen), students should experience science programmes that include learning in all four of the other strands. Within this overall framework schools have the flexibility to design curricula that meet the needs of their particular communities. They could, for example, decide to organize their learning programmes around themes or projects, rather than around traditional subject areas.
Thus, while schools have considerable freedom as to how they present it, the curriculum document's description of the science 'learning area' clearly signals that school science programmes should be meeting all four of the purposes outlined in this section.
In summary
For the last century and a half or so since we have had mass education it has been generally agreed that science should be part of the core curriculum of schools. However, there has been less agreement on what aspects of science should be taught, how they should be taught, and why they should be taught. The view of school science's purpose as being primarily to prepare -and selectstudents for university-level science study and science-related careers has predominated -for reasons that are not necessarily education-related. This has resulted in curricula that foreground the basic concepts of biology, chemistry and physics, taught largely through didactic approaches that assume learners as 'empty vessels' that are able to be filled up with knowledge.
There have been a great many attempts to reform the curriculum, particularly over the last 20 or 30 years. These attempts have mainly focused on making the curriculum more 'learner-centred' -that is, more appealing to -or 'inclusive' of -students from a wider range of backgrounds; more 'relevant' to students' existing experiences, interests and background knowledge; more connected to authentic, 'real world' contexts; and/or more cognisant of what we know about how people actually learn new things. However, while this work (sometimes) resulted in the appearance of new words in official curriculum documents, it has had very little effect on the way science is taught in schools. Secondary school science programmes largely continue to teach conceptual knowledge in discrete disciplines, while in primary schools science has a low profile, appearing mainly as a topic or context for inquiry learning.
The traditional model persists for a number of reasons. Most secondary science teachers support it because their early enculturation through school and undergraduate study has fostered a commitment to and identification with this type of knowledge, and because their existing skills and professional identities are oriented towards the traditional curriculum. It is also maintained by existing resources such as textbooks and laboratories; by school structures such as timetable arrangements and assessment traditions; by many academic scientists and science education academics; and, by the traditional high status conferred on highly differentiated, insulated school subjects like science. The most recent official national curriculum provides a number of signals for change and gives schools considerable freedom to make decisions about how it is best implemented in their community: however, these signals are seldom, as yet, being taken up.
What all this tells us is that understanding what good science education looks like -that is, science education that is educative, that represents science accurately, and that is engaging for students -is very challenging, and that, despite much effort, it continues to be very challenging.
T w he next section looks at the evidence we have, in New Zealand and international studies, of how ell we are engaging young people in science, and how well they are achieving in it.
Notes to Section 2
A brief history of science education (2001) op. cit. all point out that, while there have been many attempts to introduce such approaches, uptake has been low, probably because teachers lack the necessary knowledge base and/or skills.
The cultural/intellectual purpose
Plato's ideas about education were set out in The Republic and The Laws. For the standard account of his ideas and the 'liberal ideal' of education that developed from them, see Hirst, P. (1972) Most students work at Curriculum Level 1 during the first couple of years at school, Level 2 during Years 3 and 4, Level 3 during Years 5 and 6 and so on. Each level has a number of learning objectives. The use of the word, "level" is confusing though, because as well as referring to curriculum levels, it is also used in relation to NCEA (the National Certificate of Educational Achievement). Here its meaning is different. NCEA Level 1 refers to the qualification the majority of students attempt at Year 11 (as 15 year olds) while the curriculum level 1 refers to the objectives the majority of students are working on at Year 1 and Year 2 (as 5 or 6 year olds).
In New Zealand when students enter school as 5 year olds they are classified as either Year 1 or Year 0 depending on when their birthday is. They then progress through the Year levels. By age 10 ½ or 11 students are in Year 7 (previously known as Form 1) and they begin high school at Year 9 (previously known as Form 3).
In summary
Pages 10-11 Some examples of the more 'learner-centred' attempts at reform were the 'science for all' and the 'science, technology and society' approaches of the 1970 and 1980s, and the 'issues-based science', science literacy and inquiry-oriented approaches of the 1980s and 1990s. The key ideas behind the 'science for all' movement are described in Fensham, P. (1986) . Science for all. Educational Leadership, December 1986, 18-23 . See also Stenhouse, D. (1985) . 
ENGAGEMENT AND ACHIEVEMENT IN SCIENCE
Reviewing how well our students are engaged with and achieving in science now is not as straight forward as it might seem. In order to do this it is necessary to be clear about what is meant by engagement and achievement and to consider how well current assessment tools measure what is valued. This section considers these questions before looking at the assessment data.
What is engagement?
It is not long in any discussion of teaching and learning before someone mentions 'student engagement', heads nod in agreement that engagement is a critical precondition for students' learning and achievement and the conversation turns to how to increase this precious prerequisite. Here 'engagement' means that the student is physically present in the classroom, or at least at school.
At the other end of the spectrum a typical researcher definition is as follows: Student engagement occurs when students make a psychological investment in learning. They try hard to learn what school offers. They take pride not simply in earning the formal indicators of success (grades), but in understanding the material and incorporating or internalizing it in their lives (Newman, 1992: p.2-3).
Here student engagement is understood as a psychological investment by the student in meaningful learning.
One widely cited comprehensive review of research on student engagement identifies three 'dimensions' used in research: behavioural engagement, emotional engagement and cognitive engagement -any of which can be present on its own or in conjunction with others.  Behavioural engagement. Students who are behaviourally engaged are involved and participating. They are likely to be on task and following instructions.  Emotional engagement. Evident interest and enjoyment are the signs of emotional engagement. Students find the learning sufficiently worthwhile or challenging to give it their attention and effort.  Cognitive engagement. A student who can describe what they have learned or complete an assessment task accurately demonstrates a surface level of cognitive engagement. A deeper level is likely to manifest as self-directed further investigation or perhaps setting and solving related problems and challenges.
But what does good engagement in science look like? Does it mean that students keep studying science: participating, and progressing through levels of achievement, or is it real intellectual curiosity about the questions science asks and can sometimes answer? Is it an interest in the natural environment, new technologies, museums or science-related media? Is it an aspiration to develop a career in science, or is it a belief in the value of science to the individual and to society?
What is achievement?
Achievement, just like engagement, can be defined in a variety of ways. However, before it is possible to define either, we need to be clear about the purpose of science education -what it is students should learn, and why? Is it more important for students to explore, or to explain? Should science be limited to matters of fact or should it also address matters of concern? Should science teaching focus on the nature of science, or should it focus on scientific knowledge and principles?
If the purpose of science education is primarily to produce future scientists, it could be argued that we are succeeding as a nation if just our top students are achieving well, but if science education is primarily about educating for citizenship then to succeed as a nation we would need to see the vast majority of our students achieving well in science, not just an elite group. Are the knowledge and skills necessary to be able to engage as an informed citizen in debates about environmental, ecological and bio-ethical challenges facing the world the same as the knowledge and skills needed by our future scientists?
Regardless of what we decide is important for students to learn, and for whom it is important, it is questionable whether we can consider that we are succeeding as a nation if our students can 'do the science' but they don't want to. Thus engagement and achievement are closely linked.
Assessment tools
When we consider the evidence about students' engagement and achievement in science we also need to consider the nature of the assessment tools that generated the data. It is possible that the assessment tools on which we currently rely may not measure the knowledge and skills needed for the future; tools which assess recall of scientific content may not accurately predict students' suitability for a career in science or indeed their ability to participate as active citizens in today's society. Assessments that provide a measure of mastery of scientific content may provide little information about how well a student can apply that knowledge in a range of situations.
The nature of the assessment tools available is important for other reasons too. In any situation where students' good performance in assessments becomes their ticket to future opportunities, or where teachers are judged by their students' results on tests, there is a risk that what the assessment tools measure will become the 'taught curriculum', regardless of the intended curriculum. Curriculum purpose, pedagogy, assessment practice, and the resources available to teachers need to be aligned if curriculum change is really to make a difference. Some recently designed assessment tools, for example PISA and NZCER's Science: Thinking with evidence test, do attempt to assess how well students can use their knowledge and skills. However, other assessment tools still have a more traditional focus and so when results are being analysed questions need to be asked about exactly what is being measured in the various tests.
With these caveats in mind, this section reviews the evidence we have on how well New Zealand students are achieving in science; how effectively the current system is developing students' interest in science; and, finally, whether sufficient opportunities exist to learn science. It draws mainly on data from the Programme for International Student Assessment (PISA), the Trends in International Mathematics and Science Study (TIMSS) and New Zealand's National Education Monitoring Project (NEMP).
Achievement
In brief, many New Zealand students are achieving well in science, but there are large numbers who are not. New Zealand students have relative strengths in applying knowledge rather than in knowing scientific content, and there is a stronger relationship between socio-economic background and achievement in New Zealand than there is in many other countries.
The Programme for International Student Assessment (PISA), commissioned by the OECD assesses the ability of students at age 15 in the principal industrialised countries to use their knowledge and skills in reading, mathematics and science to meet real life challenges. The 2006 PISA survey of science completed the first cycle of assessment in the major subject areas -reading (2000), mathematics (2003) and science. PISA is unusual in that, unlike many traditional assessments of student performance in science, it has a focus on whether young adults have the ability to use their knowledge and skills to meet real life challenges rather than whether they have mastered a specific school curriculum. This approach was taken to reflect the nature of competencies valued in modern society. (OECD 2007) The mean score of New Zealand's 15 year olds in PISA 2006 was well above the OECD mean, and New Zealand had a higher proportion of top performers than any other country except Finland. Furthermore, these top performers were spread across a wide range of schools.
2 In PISA, New Zealand students generally performed very well on identifying scientific issues and using scientific evidence but were less strong on explaining phenomena scientifically.
3 New Zealand students scored well in biology and earth science but were relatively weak in chemistry and physics.
However, evidence from PISA also tells us that although our top students do very well, New Zealand also has a large group of students who do poorly at science; in fact we have one of the greatest spreads of achievement of all the participating nations.
4 Mäori and Pasifika students are over-represented among these low achieving students with Mäori also more likely to be among those who discontinue their science education early.
TIMSS (see text box on next page) assesses students' performance midway through their primary education and early in their secondary schooling. The most recent results show that New Zealand Year 5 students' achievement in science which had improved from 1994/95 to 1998/99 and again to 2002/03, dropped back in 2006/07 to levels similar to those of 1994. In 2006/07, New Zealand Year 5 students had significantly lower science achievement on average than those in England, the United States and Australia. On this evidence we would have to say that we were not, at that point, laying a strong knowledge foundation for a broad range of our student population. Although most countries participating in TIMSS had some students in this group, countries with similar proportions of students reaching the advanced benchmark generally had fewer students unable to reach the low benchmark than New Zealand.
Analysis of TIMSS results shows that New Zealand students perform better on questions that involve demonstrating knowledge than on questions that assess reasoning or applying knowledge.
5
While both PISA and TIMSS allow us to compare New Zealand students' performance with that of students in other countries, NEMP tracks performance as students move through primary school. NEMP's analysis of students' performance in science in 2007 shows clear improvement from Year 4 to Year 8 in most aspects of science performance assessed, with particularly large gains in providing satisfactory explanations of scientific phenomena. There was little change in science performance overall for either Year 4 or Year 8 students during the 12 years from 1995 to 2007, although the 2007 report does raise a concern that some decline has been detected in Year 4 students' mastery of the physical science strands over the years of the survey. As with TIMSS, we see some evidence of a recent decline in content acquisition.
Ministry of Education data show that while overall participation (as a percentage) of New Zealand students in secondary school science has increased slightly since the mid 1990s, average achievement in Year 11 science has gone down slightly in the same time.
In New Zealand there is a strong relationship between socioeconomic background and achievement which PISA found to be stronger than in most OECD countries. TIMSS too found a clear relationship between socio-economic background and Trends in International Mathematics and Science Study (TIMSS) is a research study of student achievement in mathematics and science around the world. It measures and interprets differences in approaches to teaching mathematics and science in order to help improve the teaching and learning of these subjects worldwide. TIMSS is designed to link with the current school curriculum of each country and has assessed achievement in mathematics and science at middle primary (Year 5) and lower secondary (Year 9) levels every four years since 1994. TIMSS also collects background information on students, and classroom and school contexts through questionnaires. New Zealand's Year 5 and Year 9 students have participated in TIMSS since its inception, with the exception of Year 9 students in 2006/07. TIMSS assessment are organised around two dimensions, a content or subject matter dimension and a cognitive dimension which assesses thinking processes. NB: In the international data sets for all countries the results for the Knowing and Applying cognitive scores were inadvertently mislabelled so all data labelled 'Knowing' actually pertained to 'Applying' and vice versa. The data in this report draws on the corrected data. achievement, while NEMP found statistically significant differences in performance in students from low, medium and high decile schools on many tasks.
Neither PISA nor TIMSS found any significant difference in overall science achievement between boys and girls in New Zealand although boys were slightly more likely than girls to be at the top or bottom of the achievement distribution.
Other factors identified by these studies as being linked with achievement in science are ethnicity, immigration status and language spoken in the home. While there were high and low performers in all ethnic groups, the average score of Päkehä and Asian students was higher than that of Mäori and Pasifika students. TIMSS found that students born in New Zealand had higher science achievement on average than those who were not. PISA, however, found students born overseas with parents also born out of New Zealand (first generation immigrants) performed almost as well as students with a New Zealand born parent, but 'second generation immigrants', New Zealand born students of parents born overseas, performed significantly less well overall. PISA also found students who changed school frequently were less likely to perform well.
Engagement
Producing students who can use skills and knowledge in a range of situations is in itself not sufficient either for ensuring a future workforce or for preparing citizens who can understand and debate socio-scientific issues. For both of these, students need not only have knowledge of and about science but to be interested in science and able to see its relevance to their world.
Interest in science
Positive attitudes are important. At age 15, the point at which students in New Zealand begin to exercise more choice in the subjects they study, PISA results show that the proportion of students reporting high or medium interest in science topics is similar to that of other OECD countries. Although New Zealand's students were generally positive about science they were less likely than their OECD counterparts to believe they are good at science. They agreed that science helps us understand the world and is of value to society but were less convinced that science was important to them personally; and, while they were concerned about environmental issues they were not very optimistic about the possibility of improvement. 6 A measure of students' interest in science is the extent to which they choose to participate in science-related activities in their leisure time. PISA 2006 shows that fewer New Zealand students regularly engaged in any leisure time science-related activities than those in most other countries. Students who did engage in science-related activities in their own time were more likely to have high science literacy scores than those who did not. This was also true for other countries. Boys, Asian students and students from higher socio-economic backgrounds were more likely to engage in science related leisure activities than others.
PISA also found that in New Zealand boys were more likely than girls to report that they enjoyed science. Boys were also more likely to have higher self-belief in their ability in science and to place a high value on science both to society and to them personally. TIMSS, however found at Year 5 levels of confidence and attitudes toward science were similar for boys and girls.
TIMSS and NEMP both provide evidence that students in their middle primary years have positive attitudes towards science. Eight out of 10 Year 5 students in the most recent TIMSS research indicated they would like to do more science at school. However, this interest declines as students move through school and in the Competent Learners study science was one of the least enjoyed school subject for students at both age 14 and 16.
Career aspirations
According to some measures New Zealand is performing relatively well in producing students with the ability and achievement to go on to STEM careers and it seems that the careers are available to them. PISA developed a tool to measure 'research intensity' which correlates the proportion of top performing school students with the number of full-time science researchers per 1000 employees. Only Finland outperformed New Zealand, suggesting that we have both a better supply of students equipped for scientific careers and more career opportunities for them than most other OECD nations.
However, even our successful students are not well-informed about career options and relatively few of them see themselves moving into advanced science careers. PISA found that just 39% of top performers said they would like to spend their life doing 'advanced science' and on this dimension New Zealand students scored below even the OECD average. Asian students were more likely to be positive about advanced science than other students, and Mäori students less likely than their peers to express this interest, important information if we aspire to a diverse scientific workforce that reflects New Zealand's population.
Recent New Zealand research surveyed students studying science in Year 13, their final year of schooling. Four clusters of students were identified based on the combinations of subjects they were taking and with some distinct differences in career aspirations. 'Serious science' students who were taking more than one traditional science subject tended to have their sights set on medicine, dentistry or veterinary science; 'business/science' students who may have chosen physics and calculus in combination with some form of computer science were sceptical that science offered a sufficiently rewarding career and were looking towards the business sector; the other two clusters who were for different reasons taking a more diverse selection of subjects including some science, were keeping options open and were more undecided about their future study and career plans.
NEMP, Competent Children, Competent Learners and Staying in
Science all confirm that here, as in other countries, children are making up their mind about their interest in science and in science careers well before age 14 when they are approaching the point of having more choice in the subjects they study.
Opportunities to learn science
In New Zealand the school-based curriculum makes it difficult to judge the opportunities students have to learn science. The New Zealand Curriculum (NZC) is strongly focused on the skills and qualities our education system is trying to develop in learners, and while schools must offer students opportunities in each of the eight learning areas, schools have a large degree of freedom in what, when and how they teach. There can be enormous variation in the amount of time given to teaching science as well as in the teaching approaches, the organisation and the content of the programmes. The data about the actual implementation of science in schools are not comprehensive but what follows gives some useful insights.
Time
Evidence suggests that New Zealand's students in primary school do not spend as much time learning science as their counterparts in other countries. TIMSS reports that in 2006 Year 5 students in New Zealand spent an average of 45 hours a year on science (down from 66 hours in 2002) and that only six participating countries reported spending less time on science.
NEMP data show that in 2007 more students at both Year 4 and Year 8 indicated that their class 'never' did experiments with everyday things, experiments with science equipment, or visited science activities than in 1999. Science may be getting less attention because of increased demands from other curriculum areas, but it also appears that there has been a particular decline in the science activities that students find most stimulating. The percentages of students who said they think they learn 'little' about science at school also almost doubled between 1999 and 2007 (from 8 to 16% for Year 4 students and 6 to 11% for Year 8 students) with even more of an increase in the percentages saying that their class 'never' does really good things in science (from 5 to 15% for Year 4 students and 8 to 16% for Year 8 students). However, it is important that primary school students' perceptions of time spent on science are put in the context of the cross-curricular approach taken in many primary school classrooms. It is for example possible that primary students may not actually recognise how much science they are doing as primary schools commonly call science learning "topic" or "inquiry", rather than science. Conversely, primary teachers' lack of confidence in science teaching could mean that even when an integrated topic has a significant opportunity for learning science, this may not be realised.
At Years 9 and 10 science is commonly taught for three or four 50-60 minute lessons a week, but the amount of time students spend in science lessons becomes more variable after Year 10 when students have greater subject choice.
In PISA 2006 almost two-thirds of New Zealand students indicated they spent four hours a week or more on school science lessons, a figure comparable to the UK but more than double that of Finland and the OECD average. One in six New Zealand students said they spent less than two hours a week on regular lessons. Across all OECD countries students spending more than four hours a week studying science generally scored higher than those studying science for two or less hours a week. However, PISA cautions that there is a range of ways 15 year-old students are exposed to science both within and beyond school with in-school lessons being just one context for learning science.
Quality
The level of primary teachers' knowledge and confidence in teaching science is often cited as an obstacle to quality science teaching in primary schools. TIMSS reports that compared with their international colleagues, New Zealand primary teachers had relatively low levels of pre-service specialisation in science and received less on-going professional development.
The 2010 Education Review Office report Science in Years 5-8: Capable and Competent Teaching
found that most schools in their study faced some challenges in developing high quality science education, that most primary teachers did not have a science background and that low levels of science knowledge and science teaching expertise contributed to the variation in quality of science teaching across schools. The report also noted that many teachers had not learned about science in their pre-service teacher training.
A recent, unpublished report into the sustainability of school development in 10 New Zealand primary schools found that there has been very little systemic support for science teaching for many years, that once teachers have completed pre-service training which may or may not have included much science content, there was minimal support to continue their professional learning in science. Furthermore, there has been virtually no policy attention given to the teaching of science.
The current level of supply of quality secondary science teachers is difficult to judge. In NZCER's 2006 National Survey of Secondary School's approximately one third of principals reported difficulty in recruiting suitable applicants for teaching vacancies in science. Teach NZ Scholarships, which target areas of highest need, in 2010, as in other recent years, include scholarships in chemistry and physics. However, the 2010 Ministry of Education survey monitoring teacher supply, indicates that teaching vacancies in New Zealand have decreased over recent years. Only 9.3 percent of secondary teaching vacancies were in science in 2010 (compared with 11.6 percent in 2009). According to this source at the beginning of 2010 there were no vacancies in physics or chemistry.
Organisation
The New Zealand Curriculum is often described as 'seamless' which means that students in Year 1 study in the same learning areas as secondary students but with simplified learning objectives. This means, for example, that both five year-olds and 15 year-olds will study earth systems with the learning objective for five year-olds being 'to explore and describe natural features and resources', and for the 15 year-olds it is to 'investigate the external and internal processes that shape and change the surface features of New Zealand'. Primary science is seen as a simplified version of secondary science.
In New Zealand primary schools science is rarely taught by subject specialists nor is it timetabled into the school week in the same ways that language or maths usually is. Commonly, schools have a topic or a theme that spans several weeks and which may, or may not, have a science focus. Even if the topic or theme lends itself to developing scientific ideas or thinking there is no guarantee that this will be explored. For these reasons it is very difficult to get any accurate measure of just how much science is taught in primary classrooms.
Science is a compulsory subject till the end of Year 10. Many schools also require students to study science in Year 11. In PISA 2006 over 90% of 15 year olds in New Zealand were involved in some type of science course. Of these 90% of students, over 70% were enrolled in compulsory courses and about 40% in an optional course. (Some were involved in both.) Most schools continue to offer an integrated science programme in Year 11 but a small number offer discipline specific courses at this level. In some schools some students are offered an 'alternative' course as they are considered unlikely to be successful within a more traditional science course. Years 12 and 13 are characterised by huge variety in science courses taught from integrated courses, to mixes of two disciplines (such as chemistry and physics) to traditional, discipline-specific courses. Scholarship examinations at Year 13 are discipline-specific so the most able students are likely to be taking traditional courses at this level.
A snapshot survey of secondary schools taken in 2007 found a higher level of self-reported course innovation in science than in any other curriculum area with 46% of responding schools reporting innovative changes to science courses. The most common reason for the innovations was that they wanted to create 'a more coherent focus for the chosen context'.
Teaching approaches
PISA provides some contextual information about school activities designed to promote the learning of science. The percentage of NZ students in schools (that according to principals) promoted engagement through excursions and field trips, science competitions, extra-curricular science projects and science fairs was above the OECD mean for each category. PISA also collected information on teaching from students. New Zealand 15 year olds reported greater use of interactive teaching approaches (activities that are designed to stimulate discussion) compared with either the use of models and applications, or hands on activities. This pattern was similar across the OECD countries. TIMSS 98/99 created an index of teachers emphasis on scientific reasoning and problem solving based on teachers' reports of how often they asked students to explain the reasoning behind an idea, represent and analyse relationships using tables and graphs, work on problems for which no immediate solution was obvious, write an explanation of an observation and describe why it happened, and put events or objects in order and give a reason for the organisation. On average, internationally 16% of Year 9 teachers placed a high value on these scientific reasoning and problem solving skills whereas just 4% of New Zealand's teachers did so. This may have changed in the past decade but we are unaware of evidence that suggests that it has.
The age-16 phase of the longitudinal Competent Children, Competent Learners study found science (and maths) teachers were less likely than teachers of other subjects to identify any of the following features of their class:
 We have lots of fun.  Students do a lot of group activities and discussions.  Students have the opportunity to act on issues that concern them.  Students are encouraged to assess others' work and give them feedback.  Students are encouraged to lead group projects/ class activities.  Students interact with people outside school as part of their school work.
There are a number of recent New Zealand PhD theses that address issues related to how science is taught and these may be able to add useful insights especially given the somewhat patchy evidence currently available.
In summary
The evidence we have available about achievement and engagement is mixed. If we accept that an important outcome of science education is that nearly everyone engages positively with science, then the high proportion of NZ students who do not want to continue with science beyond the point when it is no longer compulsory is cause for concern. Although we have a higher proportion of top performers in science than in many other countries our achievement data also reveal too many students leave formal education having gained little from their science education.
If the main aim of science education is to provide a supply of future scientists then we can be relatively happy with the how well New Zealand's top students are performing but perhaps less comfortable with how well informed our students are about career choices and their ambivalence about taking up science related careers. The strong link between students' socio-economic background and achievement in science, and the over-representation of some groups among the low achievers means that some groups are more excluded from science than others and this has implications both for the diversity of our science workforce and for issues of social justice.
On the other hand New Zealand students' relative strengths in identifying scientific issues and using scientific evidence (as identified in PISA) could be seen as a positive sign that we are equipping students well for a future where many of the issues they will face are as yet unknown.
Science education as currently delivered does not seem to be preparing students as well as it could either for careers in science or as citizens who can confidently engage with science related issues.
However, even if students were doing extremely well on current measures the question remains whether doing more of the same (or even doing it better) meets the needs of our changing world. In the next chapter we review changes in society, work and young people, changes in the purpose of schooling and in science itself.
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YOUNG PEOPLE, SCHOOLING AND SCIENCE IN THE 21ST CENTURY

Changes in society, work and young people
The shift from the industrial age to the post-industrial age, sometimes called the knowledge age, in developed countries has involved major social and economic changes. Knowledge, rather than tangible assets such as land, labour, capital, or natural resources, is now the main driver of economic growth. Innovation, 'fast' capitalism and niche markets have replaced the earlier emphasis on massproducing goods for traditional markets. There has been a decline in unskilled and semi-skilled jobs, and an increase in jobs in the creative, technological and service-based industries with an associated shift in the skills and aptitudes required.
The hierarchical, bureaucratic management styles that characterised industrial age enterprises are being replaced by flatter, more distributed management systems in which all employees are expected to play a role in understanding and improving the organisation's products or performance.
Where industrial age organisations required workers who were diligent, respected authority and took direction, today's organisations need people who are adaptable and autonomous and can quickly learn new skills. They need people who can communicate their knowledge to others, build relationships and work in teams. They need people who can solve problems and who can take responsibility for all parts of a project. These skills, formerly only required of managers are now required of all workers.
These changes are producing new sorts of workers. For example, many of the new knowledge workers are highly mobile, contracting their services to different organisations simultaneously, sometimes in several countries. The primary professional identities and connections of these workers are not with workmates and local communities but rather, through widespread use of the internet, they identify and are connected with a diversity of other individuals and communities who may share similar knowledge portfolios or other interests. All of this means that that the expectations, values and life patterns of today's young people are very different from those of the previous generation.
Researchers currently following cohorts of young people as they move from school to the early years of work report that uncertainty and change are the primary shapers of these young people's values and choices. They value autonomy, flexibility and choices far more than predictability. They see their work life as being a series of potentially, but not necessarily, intersecting pathways rather than aspiring to the job for life that was likely to have been their parents' aim. The skills these young people value and promote are flexibility, the ability to take up and maximise opportunities that are presented and the ability to work across and between different skill sets.
In addition, today's young people have a very different orientation to knowledge from that of previous generations. For today's 'digital natives', teachers, books and adults are not their main sources of information or authority and school classes are often seen as irrelevant, slow-moving, and something to be endured. According to one young research subject, going to class involves having to 'power down'. For these young people, the range of information sources to which they are routinely connected means that they need to be provided, not with new information, but with strategies and skills for selecting, processing, assessing, and making sense of what they already have access to. This is an obvious function for schools, and while some curriculum areas emphasise these skills, science, in general, does not.
Young people's orientation to work and knowledge is not one that is encouraged or supported in schools as they currently exist. Schools, and school curricula, are still very much organised to serve the needs and values of industrial age society.
There is evidence that the drop-off in student interest in science in the late primary and early adolescent years can be attributed at least in part to the failure of school science to adapt to the interests, orientations and needs of this new generation of young people. Three recent studies carried out in Australia, the UK and Sweden which investigated why the numbers of students choosing to study science once it is no longer compulsory continues to decrease, found that students resented the lack of opportunity to discuss, reflect, offer opinions or be creative in science classes. One group of researchers found the students' experiences were the result of an over-full curriculum and didactic teaching methods. When teachers feel pressured to cover every aspect of the curriculum, students are, as one group of researchers puts it, "frogmarched across the scientific landscape from one feature to another, with no time to stand and stare, or to absorb what it was they had just learned." Students in all three studies, while recognising the importance of science content, saw science as boring, irrelevant, unrelated to the real world, difficult and, as a result, not for them. In all the studies, the persistence of students who did go on in science was attributed to out of school factors -mainly family members who were strong advocates for science or education along with the students' own motivation and ability to persist with independent learning.
The studies found that students perceive science as difficult, but difficulty meant different things. To some students, it meant passive, rote learning of material that, because it was not well understood, was not interesting. To others, it meant unfamiliar terminology and concepts, while a third group used it to refer to intellectual challenge -however, this was only seen as a negative where it was unsupported by the teaching methods. These are interesting and important findings in the light of recent research on how adolescents learn, some of which is reviewed below.
Changes in the purposes of schooling
Given the changes outlined above, many educationists are now arguing that schooling needs a major change in emphasis if it is to prepare students for life and work in the 21 st century.
Today's schools need to prepare all students, rather than just a few, to participate in some form of tertiary education. To do this, programmes of learning need to be more customised and personalised rather than offering the one-size-fits-all model that many schools now offer. Schools need to focus on building students' learning power or capacity to learn, and their ability to do things with knowledge rather than rewarding them for acquiring and storing bits of knowledge for possible future use. Schools need to focus on helping students develop certain basic competencies that are required in all areas of life, competencies such as thinking and working with others, rather than helping them to accumulate knowledge-based credentials.
Young people need to understand processes, systems and relationships, to appreciate the connections between knowledge systems rather than the details of the systems themselves. The ability to communicate one's learning and to work collaboratively have become paramount and need to be developed more effectively through school. As part of this there needs to be much greater educationally appropriate use of information and communications technologies and digital media including the ability to work in multiple modes.
Educationalists who think this way are strongly critical of the traditional academic curriculum, the view of knowledge that underpins it and the role it has played in sorting students for future employment. However, they do not devalue knowledge: rather they are advocating a different view of knowledge. In this literature, knowledge is seen not as 'stuff you get' but rather as a context or domain for building students' capacity for thinking and learning through using a range of modes such as text-based, visual, oral, musical and so on. This work is also influenced by recent developments in cognitive science, in particular on how people learn. The next section looks briefly at some of this work.
New theories of learning
Questions about how people think and learn are the domain of learning theory. Learning theorists are interested in how people come to know things (and what helps them to do this), as well as how people come to want to know things (and what helps them to do that). Designing effective learning programmes, which engage students' interest in something and support them to understand it, requires a coherent theory of learning. However, contemporary learning theory is not yet evident in teaching practice in schools and universities.
The learning theory that has had most influence on science learning is the conceptual change/ personal constructivism model. Early work in this area set out to explain why it is that very few students, even very high achievers, actually understand the science concepts taught at school and so cannot apply what they have learned to situations outside school assessments. Drawing on the constructivist view of learning as an active process that uses prior experiences to make sense of new experiences, science education researchers developed a model of science teaching that involves exposing the limitations of students' naïve science ideas, and helping students abandon and replace these ideas with concepts that more closely match those a scientist would hold. In this model, coming to know involves replacing old, 'imperfect' concepts with new, 'better' ones. However the model is not clear about how students might be encouraged to do this. While this approach was widely advocated, later research has demonstrated limited success in actually changing students' concepts, possibly because its focus on abstract conceptual knowledge and individual learners' mental processes make it insensitive to the social, cultural and emotional contexts in which the learning takes place.
A second body of work, broadly known as socio-cultural theories of learning, was designed to address this. Researchers influenced by this approach argue that learning is much more than conceptual change, that it is situated in and inextricably bound up with the context in which it takes place. In this theory, learning is not the acquisition of specified knowledge but the developing ability to 'speak the language' of a particular knowledge community -in this case science. Learning is a process of coming to know things in, and linking them with, specific contexts. Teaching informed by this approach encourages discussion of ideas, their implications and how they relate to and affect each other; effectively, to model the ways scientists think, talk and argue with each other about science ideas. The strength of this approach is that it can take account of the embedded nature of learning and of differences between learners as well as to create the conditions under which students are likely to engage productively with a learning activity. However, it is less helpful as a basis for developing teaching that can support students to really engage with science concepts.
In a third, emerging, body of work in science learning, researchers argue that people think and learn primarily through stories. While they may later be able to talk about and link concepts to build logical arguments, they have to have the story straight first. This approach has its origins in work done in the 1980s by cognitive psychologist Jerome Bruner who argued that all human beings, in all cultures, learnt through stories and that the 'narrative' mode of thought could be used as a bridge, or way into, other modes of thought (such as the scientific). This idea has been taken up by some science educators. Others have taken this further, focusing on affective as well as cognitive aspects of learning to argue that narrative approaches make it possible for students to imagine themselves participating in science. Thus, for socio-cultural and narrative oriented learning theorists, learning is not simply concept building. Rather it is a complex process of interaction between concepts and stories embedded in particular socio-cultural contexts.
Because this body of work calls into question the traditional understanding of knowledge, learning and ability it challenges most current science teaching practice. However, it provides a useful basis for developing the kind of "thinking curriculum" that is needed if we are to engage more young people in science.
In summary, while the aim of an education in science is to develop the ability to work with scientific concepts, recent developments in learning theory tell us that effective science learning must take account of the values, aesthetics, feelings and personal stories through which individuals make meaning. While learning concepts is obviously important, for this to occur, considerable 'translation' is needed, and this is best done through activities and tasks designed to help students make explicit links between science concepts and stories or contexts that can allow them to talk their knowledge into place.
There have been some attempts to set out what these theories might look like in practice. One example is the (Australian) Middle Years Research and Development project. This project came up with five principles for designing programmes that engage today's young adolescents in learning.
1 Students are challenged to develop deep understanding through strategies that emphasise student questioning, exploration, and engaging with significant ideas and practices. 2
The learning environment is supportive and productive with classroom environments that allow students to take responsibility for their own learning, take risks and express themselves. 3
Teaching strategies cater for individual interests and learning needs. 4
Assessment is an integral part of teaching and learning. 5
Teaching practice meets the developmental needs of adolescent learners -it emphasises students' active engagement in their own learning, student involvement in decision-making, linking of classroom learning with local and broader communities.
The learning theories outlined above focus specifically on young people's learning. Other work has explored the thinking processes of working scientists, concluding that they too do not actually work exclusively with resolved concepts. This leads some science educators to argue that science education which aims to produce this in students is misrepresenting science.
Changes in science
While the practice of scientific research has changed significantly over the last century or so this is not evident in how science is taught in schools. The 18 th and 19 th century model of the individual scientist pursuing their own interests was largely replaced in the 20 th century by two parallel cultures -academic scientists working alone or in small teams, largely following their own interests, and industrial scientists working in large teams on commercially driven projects. More recently, however, these two cultures have come together into what Ziman calls 'post-academic' science (largely as a result of changes to the funding arrangements of universities). Post-academic scientific work takes place in large teams that are often networked over a number of institutions and countries, and involves a succession of projects that have to be justified in advance in order to attract funding. These projects are usually large in scale, multi-disciplinary, and multi-method. They commonly deal with highly complex systems with many interconnecting effects. Some projects are likely to involve ethical issues, some will be of interest to local communities and some will be subject to business and political influence. Post-academic science of this kind is not currently reflected in schools.
Similarly, the now sizeable body of work known as the social studies of science and the many challenges to science's status as universal, objective knowledge of reality are not reflected in school science education. Research involving focus groups of leading scientists has consistently highlighted this as a concern with scientists seeing school science as presenting an outdated, narrow and excessively discipline-bound view of science.
Engaging young people in science requires us to take these changes into account, and doing this requires us to think differently about the purpose of school science education. In this section, we have argued that current science education and the demands of the 21 st century are out of step. Traditional science education, designed to prepare science-able students for science careers, is in fact turning many students away from science and it may not be serving any of our students particularly well -even those who are high achievers on current measures.
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CONSIDERING THE OPTIONS
Changes in society, schooling and science itself, coupled with a lack of clarity of the purpose of science education, have produced school science programmes that are not optimally meeting the needs of any of our students -neither high achievers headed for science related careers nor the majority who need science for citizenship. Solving this problem requires a long term strategy that takes into account purposes, pedagogies, assessment practices, teacher beliefs and values, resources and the wider community.
In this section we provide one possible scenario of how science education could look different in the future. The purpose of providing this scenario is two-fold. Firstly, we aim to stimulate debate about what really matters in science education. Any curriculum decision involves trade-offs: thus our aim in including this scenario is to bring to the surface deeply-held -but often tacit -beliefs about what "good" science education should do. What can be given up, and what needs to be retained? The second purpose is to 'concretise' some of the ideas discussed in this paper, and provide some practical ideas about possible first steps.
Scenario:
This scenario assumes that the purpose of science education is different for students at different stages of the school system.
The emphasis in these years would be on stimulating students' interest and curiosity, and in developing literacy skills. Years 7-10 (Middle school)
The emphasis in these years would be on socio-scientific issues. There would also be a focus on increasing students' awareness of the possibilities of future careers in science. Years 11-13 (Senior secondary)
At the upper secondary level students could continue to study an issues focused programme but they could also take courses in either pure or applied science that are more focused on preparation for careers in science. At all levels Students are challenged to develop deep understanding through strategies that emphasise student questioning, exploration, and engaging with significant ideas and practices. There would be much greater interaction between schools and the science community and more emphasis placed on students' active engagement in their own learning.
The different stages of this model are described in more detail below.
Primary years (up until about age 10 or 11)
According to Osborne, "reading, writing and argument are central to any conception of science as it is currently constituted." The development of these skills would be the major contribution that the primary school years make to science education. Classroom teachers would be responsible for the development of reading, writing and argumentation skills, as currently covered in the Communicating in Science strand of the New Zealand Curriculum. Stories would also play an important role in science teaching. This focus on oral language, and interacting with a range of texts, could be complemented with hands-on activities specifically designed to stimulate children's interest in the world around them and in science itself. These could be regular, one-off activities or they could be intensive blocks of activity perhaps provided in collaboration with, or by, community partners. (For example, monitoring and looking after a local waterway, field trips etc) This approach recognises the expertise primary teachers have in teaching 'everyday' literacies, while providing support for hands-on science. By encouraging working in collaboration with community experts it recognises the importance of deep knowledge, passion, and enthusiasm for a subject in motivating learners.
Middle years (from about age 11 until 14 or 15)
These programmes, as in the primary years, would be aimed at all students. They would encourage a strong focus on the science literacy approach signalled in the most recent national curriculum document: that is, science teaching that aims to: (i) build students' understanding of what is known as 'the nature of science' -that is, how science works, how scientific knowledge is built up, its special features and so on, and (ii) develop students' ability to participate in an informed way in current debates of socioscientific issues. The main emphasis of teaching programmes would be on exploration, critical thinking and discussion of socio-scientific issues. The content would be determined by how central any particular knowledge is to students' understanding of contemporary issues. Science literacy could be developed through new learning programmes and resources put together by cross-disciplinary teams made up of experts in such areas as critical thinking and ethics working with scientists and with teachers who have pedagogical and programme development expertise. Community expertise would also be needed in some cases to help define the problem or issue as it applies in the local area.
In addition to this focus on socio-scientific issues, these programmes would also develop students' awareness of the wide range of science-related careers. This aspect of the programme could also involve schools and the science community working closely together.
Senior secondary (from about age 15 until 17 or 18)
At this level some students would choose a programme with a stronger focus on preparation for university and a science-related career. Such a programme would include courses clearly directed at providing the foundational knowledge and experiences these students need, but students could also choose to continue on with science literacy focused courses as well.
Working within the existing school system, such career-oriented programmes would probably involve some form of ability streaming of interested and able students which would require decisions to be made about when and how to stream. Alternatively, career-oriented programmes could be offered through science academies or specialised schools with good facilities for teaching science and specialist science teachers. Another option for achieving this purpose could involve a major emphasis on well-resourced, well-designed, extracurricular or out-of-school science programmes.
Regardless of how it was organised and delivered, the science curriculum would need to emphasise deep understanding of key science knowledge as well as a focus on scientific thinking and some exploration of socio-scientific issues. As the needs of students headed for careers as working research scientists are different from those headed for science-related professions such as medicine and other health professions, different modules might need to be offered. For example, science for future scientists would put more emphasis on scientific thinking, research design and problemsolving, would offer interaction with and mentoring by working scientists, at least some history, philosophy and even sociology of science and scientific knowledge development. Science for health professionals might focus more on essential science knowledge taught in the context of its likely uses in everyday human and social situations.
Advantages and disadvantages
This scenario encompasses multiple purposes for science education, but focuses clearly on different purposes at different stages. There are several advantages of this approach. Focusing on different purposes at different stages allows for targeted, developmentally appropriate programmes for all students. The different focus of programmes at each stage also means students have the opportunity to re-engage with science at each new stage, regardless of their experiences of science at the previous stage. The focus in the primary school on the development of every-day literacies, with support for "hands on" activities from science experts, allows primary teachers to work from their areas of expertise. Furthermore, everything within this scenario would be possible within the current New Zealand Curriculum framework.
The challenges would be that aspects of this programme (especially the focus on socio-scientific issues in the middle years of schooling, and the increased participation of community experts) would require many teachers to make changes to both teaching and assessment practices. For instance a focus on socio-scientific issues would require many teachers to find a different balance between teaching knowledge and skills and providing the opportunities for students to work with complex situations so that they can practise identifying what is important in a particular context. This science for citizenship approach brings issues rather than content into the foreground of science teaching and although it has the potential to encourage integrated learning programmes across school disciplines as well as to encourage community involvement, both would require flexibility of school operation and timetabling. Considerable investment would need to be put into professional learning for teachers and the development of new resources for both teaching and assessment. These challenges however are not insurmountable and there are examples of such innovative practice in some New Zealand schools now.
The scenario described attempts to reconfigure school science education in ways that are designed to build the kinds of knowledge and thinking skills needed for the future by New Zealanders, both scientists and non-scientists. A curriculum of this type would achieve all the traditional purposes of science education, in particular, preparing students for science careers, creating a more informed citizenship and exposing students to traditional science knowledge. However, and importantly for the purposes of this report, because it would take into account the interests, orientations and future needs of today's young people it is likely to engage them in the study of science for its own sake, not just because it is a hurdle to be jumped to achieve a career goal.
A way forward
The scenario described above is aligned with the ideas in recent reviews in science education internationally. There are several international examples where some aspects of this scenario are already being put into practice, supported by professional development and new teaching and assessment resources. There are also many New Zealand examples of community and/or school based innovations in science education.
These New Zealand initiatives, like the overseas examples, address different aspects of engaging students in science and many appear successful in what they set out to do. Despite this enthusiasm and energy from a wide range of stakeholders it seems unlikely we will make much progress in engaging more students with science without a coherent overarching strategy. An important first step in engaging more young people in science could be to convene a forum of scientists, educationalists and policy makers to debate the future of science education in New Zealand. The forum would consider the purposes of science education discussed in this paper -pre-professional training, utilitarian, democratic or cultural purposes; and the changing demands of students, society and science itself. The forum would debate both how education can best serve science and how science can best serve education. This is important as a string of recent government and policy documents have pointed out, New Zealand's size, its resources and its geographical location mean that our main option for keeping pace with developments in the global economy is to focus on developing our knowledge-based resource -the quality and capacity for innovation of our people.
Notes to Section 5
Page 35 The quote re the importance of reading writing and argument in science comes from: Osborne, J. (2002) Science without literacy -a ship without a sail? Cambridge Journal of Education, 32(2), [203] [204] [205] [206] [207] [208] [209] [210] [211] [212] [213] [214] [215] [216] [217] [218] Page 37 For UK evidence of the need for teachers to change their pedagogy to meet the demands of new curricula see for example Osborne, J. (2007) Science Education for the Twenty First Century. Eurasia Journal of Mathematics, Science and Technology Education, 2007,3(3) , 173-184 For NZ evidence of teachers' need for support to make changes in pedagogies for issues-based science teaching, see for example Saunders, K. J. (2009) . 'Engaging with controversial science issues -a professional learning programme for secondary science teachers in New Zealand'. Doctoral thesis, Curtin University of Technology, Australia. One example of innovative practice in New Zealand schools is Paul Lowe's work at Morrinsville College. Paul Lowe, who is the 2009 winner of the Prime Minister's Science Teacher Prize, has developed programmes for teaching science that involve students working together in teams solving real life problems. Students are encouraged to find their own resources, to use a range of new technologies and to work closely with scientists. There is an emphasis on self-assessment and each team member gains the team's mark for projects. Teams of talented students from several different schools have been using this problem-based learning in teams for some years. Students are brought together both face-to-face at camps http://gallery.me.com/jpaullowe and through extensive use of technology such as video conferencing. More recently a similar programme has been rolled out to mixed-ability classes. Data collected from 320 students showed improved engagement and achievement levels and 75% of students ranked science as their favourite subject. www.pmscienceprizes.org.nz/about/winners_2009/teacher.html five percent of our students outperforming other high-performing countries and the bottom five percent achieving scores significantly lower than low achievers in those countries.
5. Analysis of PISA 2006 showed that there was no significant difference in overall science literacy between boys and girls in New Zealand although boys were slightly more likely to be at the top or bottom of the achievement distribution. Päkehä students obtained the highest scores followed by Asian, Mäori and Pasifika students. Students born overseas with parents also born out of New Zealand (first generation immigrants) performed almost as well as students with a New Zealand born parent, but 'second generation immigrants', New Zealand born students of parent born overseas performed significantly weaker overall. Other factors linked with high science literacy included a high level of parental education, speaking English at home and having access to educational resources. Students who changed school frequently were less likely to perform well. 9 TIMSS found a very similar patterns in relation to Year 5 students' achievement in science -there was little difference between boys and girls, there was a clear relationship between socio-economic background and achievement, and that while there were high and low performers in all ethnic groups, the average score of Päkehä and Asian students was higher than that of Mäori and Pasifika students. TIMSS found that students born in New Zealand had higher science achievement than those who were not. 10 6. A recent update on international research into school students' attitudes towards science identified problems in measuring attitudes because of an assumption that science is a homogenous entity whereas the reality is that there is a diversity of sciences. 11 However, despite the measurement issue, there is convincing evidence that by the age of 14 the majority of students have decided whether or not they are interested in pursuing further study in science. Girls' attitudes to science emerged as of particular concern with the authors suggesting that this was a result of an attempt to present science as decontextualised and value free. The authors offer this explanation about why such a presentation may not be helpful to today's young people of either gender:
The decision-making landscape that young people negotiate as they select their school subjects, decide who they want to be, and aspire to fulfilling futures is a complex terrain making it difficult to define who they are and where subject choice becomes one important marker for defining who they are to others. (Osborne et al, 2009, p9) .
The Relevance of Science Education (ROSE) Project is a co-operative research project involving about 40 countries exploring students' attitudes and motivations towards science and technology. ROSE focuses on students' at age 15 who are in the formal schooling system. ROSE has developed an instrument that can be used for both genders and across cultures to examine students' attitudes. New Zealand does not currently participate in the ROSE project. ROSE provides a rich data set which, summarised at a very high level, indicates that: 
